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SUMMARY 


Under  the  partial  support  of  USAFOSR  Grant  No.  F  49620-93-1-0310  by  BMDO  from 
June  1993  through  October  1995,  the  Principle  Investigator,  C.  W.  Chu,  showed  that 
superconductivity  occurs  at  record  high  temperatures  in  mercury-based  compounds  up  to  134  K 
and  164  K  at  ambient  and  high  pressures,  respectively,  making  it  possible  to  operate 
superconducting  devices  in  a  Space-environment  without  the  help  of  liquid  coolant  and  on  earth 
simply  with  the  aid  of  household  air-conditioner  technology,  and  in  a  Ba-Ca-Cu-0  compound 
without  any  toxic  element  up  to  124  K  at  ambient  pressure.  A  demonstration  experiment  is  under 
way  in  collaboration  with  the  National  Aeronautics  and  Space  Administration  (NASA).  He  was 
the  first  to  make  thin  films  of  this  class  of  compounds,  demonstrating  the  possible  attainment  of 
superconducting  electronics  with  superior  performance.  He  demonstrated  the  feasibility  of 
constructing  an  ultra-fast  high-power  high-temperature  superconducting  switch  with  profound 
implications  for  the  defense  and  civilian  technologies.  Many  of  the  new  and  improved  compounds 
results  from  the  present  study  also  enabled  him  to  examine  some  crucial  issues  of  high  temperature 
superconductivity  and  to  show  claims  of  superconductivity  near  room  temperature  to  be  premature. 
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L  RESEARCH  OBJECTIVES 

•  To  carry  out  a  concerted  search  for  superconductors  with  a  transition  temperature  (Tc)  above 
the  record  of  125  K  in  Tl2Ba2Ca2Cu30iO,  set  in  1988,  by  adopting  an  empirical  approach 
and,  at  the  same  time,  taking  advantage  of  the  unusual  expertise  and  capability  in  material 
synthesis  and  characterization  of  our  group  and  of  the  Texas  Center  for  Superconductivity  at 
the  University  of  Houston. 

•  To  improve  some  existing  high  temperature  superconductors  (HTS's)  for  possible  applications 

•  To  perform  feasibility  studies  on  high  temperature  superconducting  devices 

H.  ACCOMPLISHMENTS 

•  HgBa2Can-lCun02n+n+8  [Hg-12(n-l)n  or  HBCCO]  System 

achieved  record  high  Tc  in  HBCCO  up  to  134  K  and  164  K  at  ambient  and  high  (30  GPa) 
pressures,  respectively,  making  it  possible  to  operate  HTS  devices  with  passive  cooling  in 
Space  or  with  air-conditioner  technology  on  earth 

-  synthesized  the  first  Hg-1201  and  -1212  films,  demonstrating  that  HTS  electronic  devices 
can  be  made  of  the  HBCCO  compounds  with  superior  properties,  e.g.  a  Jc  =  10^  A/cm^ 
has  been  achieved  at  100  K;  and  a  Hg-1212  SQUID  was  later  successfully  operated  at  114 
K  by  IBM 

-  developed  the  solid-vapor  processing  technique  to  prepare  pure  samples  of  HBCCO  at 
ambient  pressure 

-  determined  structure  of  Hg- 12 12  by  n-diffraction 

-  determined  magnetic  properties  of  HBCCO  and  found  a  moderate  flux  pinning  force  in 
HBCCO,  suggesting  a  significant  application  potential  for  these  compounds 

-  synthesized  purest  samples,  to  date,  of  Hg-12(n-l)n  with  n  =  1,  2,  3,  4,  5,  6  under 
pressure,  making  it  possible  to  address  several  critical  issues  concerning  the  occurrence  of 
HTS 

-  showed  the  needs  for  modifications  of  HTS-models  proposed,  by  observing  deviations 
from  predictions  of  these  models,  e.g.  the  pressure  and  doping  effects  on  the  Tc's  of 
HBCCO,  the  strong  covalence  bonding  between  Hg  and  0(4),  and  the  unusual  linearly 
coordinated  Hg-ions 

•  Ba-Ca-Cu-0  [BCCO]  System 

synthesized  a  superconducting  layered  BCCO  compound  with  a  Tc  up  to  124  K  at  ambient, 
the  highest  in  any  HTSs  without  toxic  element 

•  RM2B2C  with  R  =  Y,  Sc  or  a  rare-earth  element;  M  =  transition  metal  elements 

-  identified  YPd2B2C  as  the  phase  responsible  for  the  23  K-superconductivity  reported  by 
AT&T  Bell  Labs 

-  discovered  Y2Ni2B2C2  to  be  superconducting  at  3  K  in  contrast  to  expectation 

-  determined  the  superconducting  and  magnetic  properties  of  YPd2B2C,  YNi2B2C,  and 
Y2Ni2B2C2  at  ambient  and  high  pressures,  demonstrating  the  small  anisotropy  in  these 
compounds,  and  a  large  difference  between  the  band-structures  of  the  latter  two 
compounds 

-  synthesized  RC02B2C  and  RRI12B2C,  neither  is  superconducting  probably  due  to  the 
strong  magnetic  effect  of  Co  in  the  former  and  the  large  magnetic  polarization  effect  of  Rh 
in  the  latter 

•  Unidentified  Superconducting  Objects  (USO's) 

-  reproduced  the  resistive  anomalies  previously  reported  by  J.  T.  Chen  et  al.  in  single-grain 
YBCO  samples  whose  magnetic  properties  have  yet  to  be  determined 
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-  observed  resistive  but  not  magnetic  anomalies,  reminiscent  of  a  superconducting  transition 
in  HBCCO  at  temperatures  ranging  from  160  to  300  K  which  are  not  likely  to  be  associated 
with  the  melting  of  Hg  which  occurs  at  235  K 

-  observed  magnetic  but  no  resistive  anomalies  in  one  multi  phased  oxide  sample  near  300  K 
at  0  T  and  ~  200  K  at  5  T 

•  Ultra  Fast  High  Power  HTS  Switches 

overcome  several  major  material  and  technical  obstacles  and  demonstrated  the  workability 
of  such  HTS  devices  whose  performance  will  be  enormously  enhanced  when  the  materials 
developed  in  the  program  are  used 

IV.  PUBLICATION  LIST 

"Study  of  Superconductivity  in  the  Hg-Ba-Ca-Cu-0  System,"  L.  Gao,  J.  Z.  Huang,  R.  L. 
Meng,  G.  Lin,  F.  Chen,  L.  Beauvais,  Y.  Y.  Sun,  Y.  Y.  Xue  and  C.  W.  Chu,  Physica  C  213, 261 
(1993). 

"Superconductivity  at  112-117  K  in  HgBa2CaCu206+S>"  R-  L.  Meng,  Y.  Y.  Sun,  J.  Kulik, 

Z.  J.  Huang,  F.  Chen,  Y.  Y.  Xue  and  C.  W.  Chu,  Physica  C  214,  307  (1993). 

"Local  Charge-Density  Transfer  and  Organic  Superconductivity:  A  Positron  Study,"  Y.  Lou, 

H.  L.  Yen,  J.  M.  Wrobel,  H.  Zhang,  Y.  C.  Jean,  G.  Saito,  Z.  J.  Huang  and  C.  W.  Chu,  Phys. 
Rev.  B  49, 12255  (1994). 

"Two  Field-Independent  Diamagnetizations  in  k-(BEDT-TTF)2Cu(NCS)2,"  Z.  J.  Huang,  Y. 
Y.  Xue,  Z.  Hao,  C.  W.  Chu,  Y.  C.  Jean  and  G.  Saito,  submitted  to  Phys.  Rev.  Lett.  (July  7, 
1993).  WITHDRAWN 

"Irreversibility  Line  of  the  HgBa2CaCu206+8  High  Temperature  Superconductors,"  Z.  J. 
Huang,  Y.  Y.  Xue,  R.  L.  Meng  and  C.  W.  Chu,  Phys.  Rev.  B  49,  4218  (1994). 

"Possible  Existence  of  a  van  Hove  Singularity  Near  the  Fermi  Surface  of  HgBa2CaCu206+8," 
F.  Chen,  Z.  J.  Huang,  R.  L.  Meng,  Y.  Y.  Sun  and  C.  W.  Chu,  Phys.  Rev.  B  48, 16047  (1993). 

"Superconductivity,  Structure  and  Resistivity  in  HgBa2Ca2Cu308+8>"  Z.  J.  Huang,  R.  L. 
Meng,  X.  D.  Qiu,  Y.  Y.  Sun,  J.  Kulik,  Y.  Y.  Xue  and  C.  W.  Chu,  Physica  C  217,  1  (1993). 

"Synthesis  of  Preferred-Oriented  HgBa2CaCu206+8  Thin-Films,"  Y.  Q.  Wang,  R.  L.  Meng, 
Y.  Y.  Sun,  Z.  J.  Huang,  K.  Ross  and  C.  W.  Chu,  Appl.  Phys.  Lett.  63,  22  (1993). 

"Synthesis  of  High-Temperature  Superconductors:  HgBa2CaCu20648  and 
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